The electronic structures of multiferroic oxides of Ba 1−x Bi x Ti 0.9 Fe 0.1 O 3 (0 ≤ x ≤ 0.12) have been investigated by employing photoemission spectroscopy and soft x-ray absorption spectroscopy (XAS). The measured Fe and Ti 2p XAS spectra show that Ti ions are in the Ti 4+ states for all x and that Fe ions are Fe 2+ -Fe 3+ mixed-valent for x > 0. The valence states of Fe ions are found to be nearly trivalent for x=0, and decreases with increasing x from being nearly trivalent (v(Fe)∼ 3) for x=0 to v(Fe)∼ 2.6 for x=0.12. The valence states of both Ti and Ba ions do not change for all x ≤ 0.12. Based on the obtained valence states of Fe ions, the electronic and magnetic properties of Ba 1−x Bi x Ti 0.9 Fe 0.1 O 3 are explored.
I. INTRODUCTION
Multiferroic materials exhibit the co-existence of multiple ordering, such as ferroelectricity, ferromagnetism, and ferroelasticity. [1] Multiferroic properties observed in manganese (Mn)-based oxides [2] and iron (Fe)-based oxides [3] have stimulated much research on multiferroic transition-metal oxides not only due to the potential technical application but also due to the scientific interest. As an attempt to achieve both ferroelectricity and ferromagnetism, Fe-doped BaTi 1−x Fe x O 3 has been investigated by substituting ferromagnetic Fe ions in hexagonal ferroelectric BaTiO 3 . [4] [5] [6] [7] [8] Room-temperature ferromagnetism has been observed in BaTi 1−x Fe x O 3 (x < 0.1), [4, 5] and both tetragonal and hexagonal phases exist in BaTi 1−x Fe x O 3 ceramics. The saturation magnetization and the magnetic coercivity were found to depend on the doping level as well as the fraction of the hexagonal phase in the ceramics. [6] . In BaTi 1−x Fe x O 3 system, oxygen vacancy defects and the valence states of the substituted Fe ions are expected to be important in determining the magnetic and ferroelectric properties of the system. [7] However, the reproducibility of multiferroicity and the effect of the oxygen vacancy in BaTi 1−x Fe x O 3 need be investigated more systematically.
Despite extensive studies on multiferroic transition-metal (TM) oxides, the origin of the multiferroicity has not been well understood yet. Based on the XRD (X-ray diffraction) XAS involves the 2p → 3d absorption, and so it is a very powerful experimental tool for studying the element-specific valence and spin states of TM ions in solids. [11, 12] II. EXPERIMENTS DETAILS Torr. XAS and PES spectra were obtained at room temperature. XAS data were obtained by employing the total electron yield mode with the photon energy resolution of ∼ 100 meV at hν ≈ 600 eV. The overall instrumental resolution of the PES spectra was about ∼ 0.4 eV at hν ∼ 600 eV. All the XAS spectra were normalized to the incident photon flux. Fig. 3(a) , the line shapes of the Fe 2p XAS spectra of Ba On the other hand, the intensities of the low-hν peak (peak "A") with respect to that of the high-hν peak (peak "B") in Ba 1−x Bi x Ti 0.9 Fe 0.1 O 3 are slightly different from that of α- Fig. 2(b) ).
III. RESULTS AND DISCUSSION
Considering the charge neutrality conditions in insulating oxides, the substitution of trivalent an important role in the electronic and magnetic properties of this system.
